Aims: Concurrent use of ethanol and nicotine (tobacco) is often seen in human beings. In previous animal experiments, we have demonstrated that nicotinic acetylcholine receptors, especially α-conotoxin MII and mecamylamine sensitive receptors located in the ventral tegmental area may be involved in the stimulatory, dopamine enhancing, and rewarding effects of ethanol in rodents. Ethanol may exert these effects via direct interaction with nicotinic acetylcholine receptors and/or indirectly via enhancement of extracellular acetylcholine levels in the ventral tegmental area. The present experiments investigated a possible indirect effect of ethanol in stimulating the mesoaccumbal dopamine system. Methods: Neurochemical effects of voluntary ethanol intake on extracellular ventral tegmental acetylcholine and accumbal dopamine levels were measured by means of in vivo microdialysis with a two-probe approach in freely moving rats. Results: Obtained data indicate that voluntary ethanol intake (~0.7 g/kg/h) leads to an increase of extracellular acetylcholine levels in the ventral tegmental area, and an almost time-locked increase of dopamine levels in the nucleus accumbens. A positive correlation between the ventral tegmental acetylcholine levels and ethanol intake as well as preference was also observed. Conclusion: The present results suggest that voluntary ethanol intake enhances extracellular ventral tegmental acetylcholine that may interact with nicotinic acetylcholine receptors, possibly α-conotoxin MII sensitive receptors, localized in the ventral tegmental area that subsequently may stimulate dopamine overflow in the nucleus accumbens.
INTRODUCTION
Several clinical studies have demonstrated that tobacco use and ethanol consumption is highly correlated in human beings (Walton, 1972; Miller and Gold 1998;  for review see Bien and Burge, 1990) . Smoking prevalence in ethanol-dependent individuals is approximately three times higher compared to the general population (Istavan and Matarazzo, 1984; Sobell et al., 1990) , and it has also been demonstrated that an early smoking debut is associated with an increased risk of developing alcoholism (Grant, 1998) and addiction to other drugs later in life (Loimer et al., 1991) . Moreover, ethanol consumption is higher in smokers than in non-smokers (Rimm et al., 1995) , and the prevalence of ethanol dependence in smokers is 10-14 times higher than among non-smokers (DiFranza and Guerrera, 1990) . Results obtained from experimental animal studies demonstrate that chronic ethanol intake induces changes in 3 Hnicotine binding in various brain areas (Yoshida et al., 1982) , although no significant difference in number of binding sites has also been reported (Nordberg et al., 1985) . Findings have also shown that ethanol intake increases in nicotine pre-treated rats (Potthoff et al., 1983; Blomqvist et al., 1996; Clark et al., 2001) , providing support for an interaction between ethanol and nicotine also in rodents. Although there may be a common vulnerability involving genetic and/or environmental factors pre-disposing an individual to both nicotine and ethanol abuse, our research group has hypothesized that ethanol and nicotine may share important neurochemical mechanisms of action in stimulating mesolimbic dopamine via direct and/or indirect stimulation of these neurons.
Dopaminergic cellbodies originate in the ventral tegmental area and project to different forebrain structures such as the nucleus accumbens and the prefrontal cortex, forming the mesoaccumbal and mesocortical system, respectively. Several lines of evidence during the last decades indicate that mesoaccumbal dopamine is an important part of the brain reward systems, and that dopamine is involved in mediating some of the acute reinforcing actions of ethanol and other drugs of abuse (Engel, 1977; Engel et al., 1988; Koob, 1992) , as well as natural rewards (Kelley and Berridge, 2002) . The nucleus accumbens, the terminal region of the mesoaccumbal dopamine system, has been suggested as constituting an important anatomical substrate of the motivational system in the brain; an interface converting motivation to goal directed behaviors (Mogenson et al., 1980; Schultz, 1997) .
Regarding the mechanism(s) of action for the stimulatory effects of ethanol on the mesoaccumbal dopamine system, it has been demonstrated that the nicotinic acetylcholine receptors (nAChRs), especially those located in the ventral tegmental area, are involved in mediating the reinforcing and dopamine enhancing effects of ethanol (Ericson et al., 1998; Tizabi et al., 2002) . Moreover, nAChRs located in the ventral tegmental area have also been shown to be important in the reinforcing and the dopamine stimulatory effects of nicotine (Corrigall et al., 1992; Nisell et al., 1994) . Experiments aimed at defining the subunits of the nAChRs involved in mediating the behavioral and neurochemical effects of ethanol have indicated a role for α-conotoxin MII sensitive receptors (antagonist selective for α3β2*, α6* and β3* nicotinic subunits) but not the α7* and α4β2* subunits of the nAChR (Larsson et al., 2002; Larsson and Engel, 2004; Larsson et al., 2005) , whereas the α4β2* and α7* subunits of the nAChR appear to be of importance for the dopamine enhancing effects of nicotine (see e.g. Picciotto et al., 1998; Nomikos et al., 2000; Larsson et al., 2002) . Furthermore, in support for a nicotinic-cholinergic ethanol interaction also in human beings, it was recently demonstrated that mecamylamine (an unselective nicotinic antagonist) reduces the subjective stimulant-like effects and reinforcing effects of ethanol (Blomqvist et al., 2002; Chi and de Wit, 2003 ; but see Rose et al., 2004) ; and that ethanol potentiated many of the subjective rewarding effects of nicotine (Rose et al., 2004) .
The tentative interaction(s) between the ventral tegmental nAChRs and ethanol for the stimulatory effects on the mesoaccumbal dopamine neurons could be brought about via direct and/or indirect effect(s) on these receptors. First, considering a direct effect, it has been demonstrated that ethanol may, at least in vitro (for review see Narahashi et al., 1999) , directly interfere with, and stabilize the open channel state of the nAChR (Ei-Fakahany et al., 1983; Wu et al., 1994) from the electric ray Torpedo. Ethanol has also been demonstrated to enhance the electrophysiological response to acetylcholine, indicating that ethanol may also increase the affinity of agonists to the channel activation state (Forman et al., 1989; Nagata et al., 1996; Covernton and Connolly, 1997) . Moreover, chronic ethanol exposure has been found to differentially influence mRNA levels of nicotinic receptor subtypes expressed in M10 and SH-SY5Y neuroblastoma cells (Gorbounova et al., 1998) . It should however be emphasized that in vitro experiments may be significantly different from results obtained in vivo, where for example the interactions of different excitatory and/or inhibitory neural networks are included. Second, with regard to an indirect effect of ethanol, evidence has accumulated indicating that cholinergic excitatory inputs to the dopaminergic cellbodies in the ventral tegmental area may constitute an important part of the neuronal circuits mediating natural, as well as drug-rewarded behavior (Yeomans et al., 1985 (Yeomans et al., , 1993 Yeomans, 1995; Lança et al., 2000; Rada et al., 2000) . Mesencephalic dopamine neurons receive cholinergic input arising from the Ch 5 cell group, localized in the pedunculopontine tegmental nucleus, and the Ch 6 cell group, localized in the laterodorsal tegmental nucleus (Woolf, 1991; Butcher and Woolf, 2003) . At least some of these cholinergic neurons are thought to make contact with dopaminergic neurons (Garzon et al., 1999) , and in support of this contention, cholinergic agonists locally administered in the ventral tegmental area have been shown to increase extracellular dopamine levels in the nucleus accumbens (Nisell et al., 1994; Blaha et al., 1996; Westerink et al., 1996) .
Given the possibility of an indirect effect of ethanol on the ventral tegmental nAChRs, via an enhancement of extracellular acetylcholine levels, we have in the present experiments, by using in vivo microdialysis, investigated the effects on voluntary ethanol intake on extracellular levels of acetylcholine in the ventral tegmental area concomitantly with accumbal dopamine in rats.
MATERIALS AND METHODS

Animals
Male Wistar rats (weighing ~270 g), purchased from B&K Universal AB (Sollentuna, Sweden) were housed in groups of four in each cage (Macrolon ® IV: 550 ϫ 350 ϫ 200 mm) with free access to standard laboratory food (B&K Feeds) and tap water. The animals were allowed to habituate to the animal facilities for at least 1 week upon arrival. A room temperature of 20ЊC (50% relative humidity) and a reversed 12 h light/ dark cycle (lights off at 9:00 A.M. and lights on at 9:00 P.M.) were maintained. The present study was approved by the Ethics committee for animal experiments, Göteborg, Sweden.
The following procedures for ethanol intake and preference screening of the rats and the experimental design for microdialysis experiments are overviewed in Fig. 1 .
Screening procedure for ethanol consumption in rats
The rats (n = 80) were introduced to a two bottle free-choice paradigm with access to tap water and increasing concentrations of ethanol (1 week on 2%, 1 week on 4%) to gradually familiarize them to the ethanol solution. After this period of adjustment to ethanol, the rodents were placed individually in cages (400 ϫ 250 ϫ 200 mm). They were given continuous access to two bottles (300 ml plastic bottles with ball-valve spouts, ALAB, Sweden), each containing either fresh tap water or ethanol solution (6% v/v). The ethanol solution was presented to the left hand side and the water on the right hand side on the same panel of the cage. Food was presented between the bottles. The fluid consumption was measured twice a week by weighing the bottles, and their absolute ethanol intake was expressed as g/kg/day. Ethanol preference was expressed as the proportion of ethanol solution relative to total fluid intake expressed in percent (%). The body weights of the rodents were registered once a week and the bottles were cleaned and filled with fresh beverage at every measurement. Intake of ethanol and water was registered over a 6 week period. Fig. 1 . Schematic illustration of the experimental procedure used in the present study for screening of high (HP) and low (LP) ethanol preferring rats followed by monitoring extracellular acetylcholine levels in the ventral tegmental area concomitantly with extracellular dopamine levels in the nucleus accumbens in freely moving animals by means of in vivo microdialysis.
Limited access paradigm
After the continuous access period to ethanol solution and water, the rats were subjected to a limited access paradigm to adapt the animals to the experimental conditions. The animals were given access to ethanol solution (6% v/v) and water during 1 h (11.00 A.M.-12.00 A.M.). Food was offered ad libitum and the fluid restriction paradigm was maintained 2 weeks before surgery. Rats consuming >0.8 g/kg/h (referred to as high ethanol preferring rats, HP) and rats consuming <0.4 g/kg/h (referred to as low ethanol preferring rats, LP) were subjected to in vivo microdialysis experiments. In the present study, the limited access procedure resulted in 5 HP and 8 LP rats out of the initial 80 set to the procedure.
Surgical procedure for microdialysis
To monitor acetylcholine in the ventral tegmental area and dopamine in the nucleus accumbens a dual probe approach was used. After the 1 h drinking session, the rats were anesthetized with isofluran (Isofluran Baxter, Apoteket AB, Sweden; delivered by a Univentor 400 Anaesthesia Unit, Univentor Ltd., Zejtun, Malta) and positioned in a flat skull position in a stereotaxic instrument (David Kopf, Tujunga, CA). Exposure of the skull allowed drilling of two holes for ipsilateral implantation of two probes (nucleus accumbens: +1.9 mm anterior, Ϫ1.3 mm lateral; ventral tegmental area: Ϫ6.0 mm posterior, Ϫ0.6 mm lateral, according to Paxinos and Watson (1998) and two additional holes for stainless steel screws for facilitation of fixation of the probes. I-shaped concentric probes (o.d. 0.32 mm) were hand made with different exposed active surfaces (ventral tegmental area: 1.5 mm and nucleus accumbens: 2 mm). Before insertion of the probes the dura was carefully removed with a thin stainless steel needle. The probes were gently lowered from the brain surface to Ϫ7.8 mm (nucleus accumbens) and Ϫ8.5 mm (ventral tegmental area) and attached with dental cement (Agntho's AB, Lidingö, Sweden). A plastic collar was provided the animals before awakening and they were allowed to recover in the same cage as prior to surgery for 2 days before the microdialysis experiment. During the first 24 h after surgery the animals had access to water, whereas during the following day the rats were re-adapted to the limited access procedure. The animals did not show any significant change in weight, neither during the limited access procedure nor during the postoperative period before the microdialysis experiment.
Microdialysis sampling
The microdialysis experiments were performed in the same room as the animals were housed. On the experiment day, the dialysis probes were connected to a swivel (Agntho's AB, Lidingö, Sweden) and perfused with Ringer solution at a rate of 1.5 l/min, delivered by a microperfusion pump (Agntho's AB, Lidingö, Sweden). Acetylcholine was sampled in the ventral tegmental area in the presence of 0.5 µM neostigmine, dissolved in Ringer solution. The acetylcholine esterase inhibitor was used to improve the detection levels of acetylcholine, but needless to say, it cannot be completely excluded that this manipulation might interfere with the experimental conditions. However, the present concentration of neostigmine per se, has not been shown to modify accumbal extracellular dopamine levels (A. Larsson and J. A. Engel, unpublished data 
Verification of probe placements
After the experiments, the locations of the two probes (ventral tegmental area and nucleus accumbens) were verified. The rats were decapitated and the probes were perfused with pontamine sky blue 6BX to facilitate probe identification. A vibroslice device (752 M Vibroslice, Campden Instruments Ltd., Loughborough, UK) was used to cut the brains in 50 µm sections. Locations of the probes were identified by gross observation using light microscopy. Figure 2 shows coronal rat brain sections, illustrating microdialysis probe placements within the nucleus accumbens and the ventral tegmental area of all animals in the study [adapted with permission from Paxinos and Watson (1998) ].
Drugs
Neostigmine bromid (Sigma) was dissolved in Ringer solution: NaCl 140 mM, CaCl 2 1.2 mM, KCl 3.0 mM, and MgCl 2 1.0 mM and perfused in the ventral tegmental area to facilitate the detection of acetylcholine. Ethanol (VWR International AB, Sweden) was mixed with tap water to desired concentrations (2-4-6% v/v).
Statistics
All data were analyzed by SAS Statview 5.0 computer software (Eurodex Sales AB, Stockholm, Sweden). Acetylcholine and dopamine baseline levels were defined as the averaged levels of the three consecutive 20 min dialysis samples covering the time period Ϫ60 to Ϫ20 min before start of the drinking session. The microdialysis data were evaluated by a one-way or two-way repeated measurements ANOVA over time. Fishers PLSD test was used following significant two-way repeated measures ANOVA. Changes in dialysate levels over time were analyzed by paired t-tests. Furthermore, linear regression analysis was used to evaluate a possible correlation between extracellular acetylcholine and dopamine levels. Regression analysis was also used to investigate a possible correlation between extracellular acetylcholine levels and ethanol intake, as well as preference. A probability value (P) <0.05 was considered as statistically significant. Error bars in the figures represent standard error of the mean (SEM).
RESULTS
Basal, average baseline levels of the dialysates for extracellular dopamine levels in the nucleus accumbens was 1.04 ± 0.25 nM (all animals included, n = 13), and 5.65 ± 1.08 nM (all animals included, n = 13) for extracellular acetylcholine levels in the ventral tegmental area.
Effects of voluntary ethanol intake on acetylcholine levels (ventral tegmental area) and dopamine levels (nucleus accumbens) in high ethanol preferring rats
Voluntary ethanol intake (0.7 ± 0.06 g/kg/h, ethanol preference: 40 ± 4.5%) in high ethanol preferring rats (HP, n = 5) caused a significant increase of acetylcholine levels in the ventral tegmental area, Fig. 3 [F(9, 36) = 2.87, P < 0.05, ANOVA: effect of time]. Compared to baseline, ethanol intake induced a statistically significant increase in acetylcholine levels at 20 min (P < 0.05, paired t-test), and was close to being so at 40 min (P = 0.073, paired t-test). Moreover, in the same animals, a significant increase of accumbal dopamine levels was observed [F(9, 36) = 8.46, P < 0.001, ANOVA: effect of time]. Significant increases of extracellular dopamine levels were observed at 20, 40, 60 and 80 min (P < 0.05, paired t-test) compared to baseline levels. and therefore these rats were divided into two groups: one group of rats (referred to as LP, n = 4) with ethanol intake of <0.4 g/kg/h (average ethanol intake 0.2 ± 0.1 g/kg/h, and ethanol preference: 18.1 ± 8.9%); and the other group of rats (referred to as LP switching to HP rats, n = 4) with ethanol intake of >0.7 g/kg/h (average ethanol intake of 0.8 ± 0.1 g/kg/h, and ethanol preference: 64.2 ± 11.0%). The LP rats did not display a significant increase in either extracellular acetylcholine levels [F(9, 27) = 2.06, P > 0.05, ANOVA: effect of time] or dopamine levels during the drinking session [F(9, 27) = 2.03, P > 0.05, ANOVA: effect of time], Fig. 4A . The LP switching to HP rats, on the other hand, displayed a significant increase of ventral tegmental acetylcholine levels [F(9, 27) = 2.46, P < 0.05, ANOVA: effect of time] as well as an increase of accumbal dopamine levels [F(9, 27) = 5.50, P < 0.001, ANOVA: effect of time] during their drinking session, Fig. 4B . The increase of acetylcholine levels reached statistical significance at 20 min compared to baseline, and the increase of dopamine levels at 20, 40 and 60 min also reached statistical significance (P < 0.05, paired t-test).
A two-way ANOVA of the high ethanol preferring group (HP, n = 5) and the LP switching to HP group (n = 4) with regard to the accumbal dopamine levels revealed a significant change over time [F(7, 9) = 13.0, P < 0.0001, ANOVA: effect of time], and post hoc comparison with Fishers PLSD test did not reveal any difference between the two groups (P < 0.05).
Correlation between acetylcholine levels (ventral tegmental area) and dopamine levels (nucleus accumbens)
Since it was hypothesized that ethanol may enhance extracellular ventral tegmental acetylcholine levels, and that the enhanced acetylcholine levels may activate mesolimbic dopamine neurons via nAChRs located in the ventral tegmental area, a regression analysis was performed between extracellular acetylcholine and dopamine levels. All animals were included in the analysis (n = 13). A positive correlation 
Effects of voluntary ethanol intake on acetylcholine levels (ventral tegmental area) and dopamine levels (nucleus accumbens) in low ethanol preferring rats
Low ethanol preferring rats, with an average ethanol intake of <0.4 g/kg/h (LP, n = 8), were included in the in vivo microdialysis experiments. On the experiment day, some of these rats actually consumed a substantial amount of ethanol, by guest on October 6, 2016
Downloaded from was obtained between acetylcholine levels at 20 min and dopamine levels at 60 min [r = 0.75, F(1, 11) = 14.4, P < 0.01, ANOVA], Fig. 5 . A similar correlation, almost statistically significant, was also demonstrated between acetylcholine levels at 20 min and dopamine levels at 40 min [r = 0.54, F(1, 11) = 4.65, P = 0.054, ANOVA] but no correlation was obtained between ventral tegmental acetylcholine levels at 20 min and accumbal dopamine levels at 20 min [r = 0.32, F(1, 11) = 1.55, P > 0.05, ANOVA], data not shown.
Correlations between acetylcholine levels, ethanol intake and preference
The high and low ethanol preferring animals were subjected to statistical analysis with regard to a possible correlation between extracellular ventral tegmental acetylcholine levels (at 20 min), and their ethanol intake (g/kg/h) and ethanol preference, respectively, during the 1 h drinking session. All animals from the voluntary ethanol intake experiments were included in the analysis (n = 13). A positive correlation was obtained between the ethanol intake and extracellular acetylcholine levels in the ventral tegmental area at 20 min [r = 0.75, F(1,11) = 14.75, P < 0.01, ANOVA], Fig. 6 . However, ventral tegmental acetylcholine levels at 40 min did not correlate with ethanol intake [r = 0.50, F(1,11) = 3.72, P = 0.08, ANOVA], data not shown. Positive correlations with regard to ethanol preference and extracellular ventral tegmental acetylcholine levels were demonstrated at timepoint 20 min [r = 0.66, F(1,11) = 8.54, P < 0.05, ANOVA], Fig. 7 , and also at timepoint 40 min [r = 0.66, F(1,11) = 8.30, P < 0.05, ANOVA], data not shown.
Correlation between dopamine levels, ethanol intake and preference
The high and low ethanol preferring animals were also subjected to statistical analysis with regard to a possible correlation between extracellular accumbal dopamine levels and their ethanol intake (g/kg/h) and ethanol preference, during the 1 h drinking session. All animals were included in the analysis (n = 13). A positive correlation was obtained between the ethanol intake and extracellular accumbal dopamine levels at 60 min [r = 0.63, F(1,11) = 7.21, P < 0.05, ANOVA], Fig. 8 , and at 40 min [r = 0.68, F(1,11) = 9.39, P < 0.05, ANOVA] but not at 20 min [r = 0.53, F(1,11) = 4.41, P > 0.05, ANOVA]. A positive correlation also occurred regarding ethanol preference and extracellular accumbal dopamine levels at 40 min [r = 0.62, F(1,11) = 7.00, P < 0.05, ANOVA], but not at timepoints 20 min [r = 0.30, F(1,11) = 1.07, P > 0.05, ANOVA] and 60 min [r = 0.30, F(1,11) = 3.80, P = 0.08, ANOVA], data not shown. Fig. 5 . Correlation between extracellular acetylcholine levels in the ventral tegmental area and dopamine levels in the nucleus accumbens with samples taken between 0-20 (acetylcholine) and 40-60 (dopamine) min respectively, after the animals were presented with a free choice between water and ethanol solution (6% v/v). Acetylcholine and dopamine were monitored by means of in vivo microdialysis in freely moving rats. LP and HP denotes low and high ethanol preferring rats, respectively. Fig. 6 . Correlation between ethanol intake and acetylcholine levels in the ventral tegmental area sampled during the 20 min period after the animals were presented with a free choice between water and ethanol solution (6% v/v). Acetylcholine was monitored by means of in vivo microdialysis in freely moving rats. Fig. 7 . Correlation between ethanol preference and acetylcholine levels in the ventral tegmental area sampled during the 20 min period after the animals were presented with a free choice between water and ethanol solution (6% v/v). Acetylcholine was monitored by means of in vivo microdialysis in freely moving rats.
DISCUSSION
Accumulating evidence indicates that nAChRs, especially those located in the ventral tegmental area, are important in mediating the stimulatory, dopamine enhancing and reinforcing effects of ethanol (Blomqvist et al., 1997; Ericson et al., 1998; Söderpalm et al., 2000; Tizabi et al., 2002) . These effects might be exerted via a direct interaction of ethanol with nAChRs in the ventral tegmental area (see Introduction), and/or indirectly by increasing extracellular acetylcholine levels in the ventral tegmental area, that may lead to a stimulation of the nAChRs located also in the ventral tegmental area, and thereby excite the mesoaccumbal dopamine system. In support of the latter hypothesis, we have, in the present experiments, found that voluntary ethanol intake in high ethanol preferring Wistar rats leads to increased extracellular acetylcholine levels in the ventral tegmental area concomitantly, and almost time-locked with an increase of extracellular dopamine in the nucleus accumbens in a twobottle free choice paradigm. In addition, the extracellular acetylcholine levels in the ventral tegmental area were positively correlated with the ethanol intake and preference, further supporting an association between ethanol and acetylcholine in the ventral tegmental area. Even though it cannot be excluded that the increases of ventral tegmental acetylcholine and accumbal dopamine levels are parallel phenomena, this appears less likely since these ethanol-induced increases were significantly and positively correlated at least at the sampling intervals 0-20 min (acetylcholine) and 40-60 min (dopamine). This suggests an excitatory relationship between mesopontine acetylcholine and mesoaccumbal dopamine.
Ascending projections of the cholinergic population of the mesencephalic tegmentum are organized topographically such that the dopaminergic cells of the ventral tegmental area are predominantly innervated by the caudal compartment of the pedunculopontine and the laterodorsal tegmental area (Oakman et al., 1995; Butcher and Woolf, 2003) . Considering the laterodorsal tegmental area, it has been demonstrated that electrical stimulation of this nucleus leads to an increase of accumbal dopamine overflow, via both nicotinic and muscarinic receptors in the ventral tegmental area (Forster and Blaha, 2000) . Findings have shown that cholinergic populations of neurons originating in the pedunculopontine tegmental area are part of the neuronal circuitry that mediates nicotine self-administration (Lança et al., 2000) . Furthermore, it has been demonstrated that electrical self-stimulation in the medial forebrain bundle in rats increases extracellular ventral tegmental acetylcholine levels (Nakahara et al., 2001) , indicating a possible involvement of mesopontine cholinergic pathways in the brain reward system. However, to the best of our knowledge, our findings are the first to provide direct evidence for a possible role of cholinergic afferents to the ventral tegmental area in dopamine enhancing effects of ethanol. Providing that ethanol may first exert its effects on the cholinergic neurons, one would tentatively expect that the ethanol-induced acetylcholine overflow precludes the enhanced accumbal dopamine overflow. However, the low time resolution of the in vivo microdialysis method does not allow exact determination of the relationship between the acetylcholine and dopamine overflows.
The mechanism by means of which ethanol enhances central acetylcholine remains to be elucidated. The ethanol-induced enhancement of acetylcholine may derive from a direct stimulation of cholinergic afferents to the ventral tegmental area, e.g. laterodorsal and/or pedunculopontine cholinergic neurons. Another possibility is that ethanol may indirectly stimulate the cholinergic afferents for example via interference with neurons connected with cholinergic pathways.
The acetylcholine neurons are widely distributed in the brain and ethanol has been shown to enhance acetylcholine levels in other brain regions. Thus, it was recently demonstrated by means of in vivo microdialysis that systemic (0.5 g/kg i.p.) as well as local administration (50 and 100 mM) of ethanol in the nucleus magnocellularis increases extracellular acetylcholine levels in the prefrontal cortex (Stancampiano et al., 2004) . Moreover, increased acetylcholine levels has also been demonstrated by local perfusion with ethanol (50 and 100 mM) in the hippocampus (Henn et al., 1998) . In support of an ethanol-induced acetylcholine enhancement, preliminary results obtained in our laboratory indicate that a systemic ethanol injection (0.5 g/kg, i.p.) increases extracellular acetylcholine levels in the ventral tegmental area.
It should be noted that, in addition to the nAChRs, muscarinic acetylcholine receptors have been demonstrated to be present in the ventral tegmental area (Weiner et al., 1990) and might consequently, as the nAChRs, also be activated by the ethanol-induced acetylcholine increase. Stimulation of muscarinic acetylcholine receptors have been shown to increase extracellular dopamine levels in the nucleus accumbens (Gronier et al., 2000) and to play a role in natural reward, for example the ingestion of food (Rada et al., 2000) as well as in brain electrical self-stimulation reward (Yeomans and Baptista, 1997) . Consequently, it should be considered that, in addition to the nAChRs, the muscarinic acetylcholine receptors might also contribute to the ethanol-induced stimulatory, rewarding and dopamine enhancing effects.
It might be argued that the elevation of acetylcholine levels in the ventral tegmental area may be due to intake of fluid Fig. 8 . Correlation between ethanol intake and dopamine levels in the nucleus accumbens sampled during the 40-60 min period after the animals were presented with a free choice between water and ethanol solution (6% v/v). Dopamine was monitored by means of in vivo microdialysis in freely moving rats.
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per se, since it has been shown that acetylcholine levels increase in the ventral tegmental area when water-deprived rats consume water (Rada et al., 2000) . For this reason, we have included low ethanol preferring rats to investigate the effects of voluntary fluid intake on ventral tegmental acetylcholine and accumbal dopamine. Our data show that fluid intake by the low ethanol preferring rats with preference for water (natural reinforcer) during the screening period and the experiment day, was not associated with an increase of accumbal dopamine and ventral tegmental acetylcholine. These data suggest that the fluid intake per se was of minor importance for the neurochemical effects obtained. This discrepancy in results, compared to those of Rada and coworkers, may depend on various factors such as different experimental designs; e.g. the rats in the present study were adapted to the fluid limited access paradigm over a 2-week period compared to only 1 day in the study by Rada and co-workers. Surprisingly, some low ethanol preferring rats actually switched their low-ethanol preference behavior to high ethanol preference, and consumed a substantial amount of ethanol on the experiment day. These rats displayed, in line with the high ethanol-preferring animals, parallel increases in ventral tegmental acetylcholine and accumbal dopamine, further supporting the hypothesis that at least acute ethanol intake can increase extracellular ventral tegmental acetylcholine levels. The reason why some low ethanol preferring rats consumed high amounts of ethanol on the experiment day remains to be clarified. Tentatively, influences of e.g. external sensory stimuli may provide some explanation. Namely, these animals might have experienced the new environmental situation as stressful since they had undergone a surgical procedure and, on the experiment day, were connected to the microdialysis equipment. In this context, it is noteworthy that rats with initially low ethanol preference have been shown to increase their ethanol intake during stress (Bond, 1978; Volpicelli et al., 1990) . No statistically significant difference was observed regarding the ethanolinduced accumbal dopamine overflow in the high ethanol preferring rats compared to the low ethanol preferring rats switching to high ethanol preference. This is in agreement with the example of the Alko alcohol and Alko non-alcohol ratlines, which have not been shown to differ, at least with regard to ethanol-induced dopamine release in the nucleus accumbens (Kiianmaa et al., 1995) , but rather have been shown to differ in the basal levels of dopamine and metabolites (Ahtee and Eriksson, 1975 ). An alternate explanation may be that the high and low ethanol preferring rats may differ at the post synaptic level (see e.g. Engel and Liljequist, 1976) .
Even though ethanol was found to increase tegmental acetylcholine levels, a direct stimulatory effect of ethanol on mesoaccumbal dopamine neurons cannot be excluded. A direct effect of ethanol has been demonstrated in acutely dissociated ventral tegmental dopamine neurons isolated from synaptic inputs (Brodie et al., 1990 (Brodie et al., , 1999 . In support of these studies, it was recently demonstrated that rats self-administer ethanol in the posterior, but not the anterior part of the ventral tegmental area (Gatto et al., 1994; Rodd-Henricks et al., 2000) , indicating that the ventral tegmental area may be an important site for the behavioral and neurochemical effect of ethanol, and also that this region is functionally heterogenic.
The present study shows that ethanol may stimulate cholinergic afferents to the ventral tegmental area, leading to an enhancement of extracellular acetylcholine. This observation provides support for an indirect stimulatory effect of ethanol on the mesoaccumbal dopamine system. Given our previous results that α-conotoxin MII sensitive receptors may be involved in the stimulatory, dopamine enhancing and rewarding effects of ethanol, it is tempting to suggest that the released acetylcholine may interact with these receptors leading to an enhanced accumbal dopamine overflow. The possibility should be considered that ethanol might directly interfere with the nAChR, since it has been shown that ethanol may enhance the electrophysiological response on nAChRs, (see Introduction). Overall, the current findings indicate that modulation of ventral tegmental acetylcholine may serve as a pharmacological target for treatment of ethanol-dependent individuals.
